Objectives. The aim of this study was to describe work status and time to return to work in patients undergoing total hip arthroplasty (THA) or total knee arthroplasty (TKA) and to determine which factors are associated with work status.
Introduction
In North America and Europe OA of the hip or knee is one of the most prevalent chronic diseases [1] and the most common reason for total joint replacement. By 2009, the number of patients undergoing total hip arthroplasty (THA) and total knee arthroplasty (TKA) increased to 1.6 and 1.2 per 1000 per year, respectively, in Western countries [2] . These numbers are expected to further increase in the coming years due to the ageing society and the growing prevalence of obesity [2] .
Currently a substantial proportion of these patients (1545%) [58] is working (age <65 years) at the time these procedures are performed. Both from the perspective of the individual as well as from a socioeconomic point of view it is important to have insight into the rate and speed of return to work in this patient group. To date, a substantial number of studies on this topic have been published. A previous systematic review on work status in THA and TKA by Kuijer et al. [3] aimed to describe determinants of return to work. The search in that review was restricted to studies published between 1998 and 2008 and concerned two bibliographic databases (PubMed and EMBASE) [3] . In that review, three studies, all concerning THA, were included. It was found that the type of operation (two-incision or a mini-posterior approach for THA) [4] , the provision of no movement restrictions [5] and early, protocol-based patient discharge [6] were associated with an earlier return to work after THA.
To the best of our knowledge, the literature has not been summarized with respect to actual work status before and after surgery, including the rate of and time to return to work in working patients undergoing THA and TKA. Therefore the aim of the present study was to perform a comprehensive, systematic literature review on the rate of and time to return to work after THA or TKA, as well as beneficial and limiting factors affecting return to work.
Methods

Search strategy
In cooperation with a trained librarian (J.W.M.P.), a search strategy was developed (see Supplementary data, available at Rheumatology Online). The search strategy consisted of the AND combination of two main concepts: Work Disability AND (THA OR TKA). The search strategy was developed for PubMed and subsequently adapted for use in other databases. The following databases were used: PubMed, EMBASE (OVID version 
Data collection and analysis
Four steps in the selection of studies and data extraction were defined. All steps were performed by two of the authors independently (C.T. and W.S.) and any discrepancies were resolved by consensus. If consensus between the two authors was not achieved, a final decision was made by a third author (T.P.M.V.V.).
Step 1: screening of titles and abstracts First, all duplicates were removed. For screening of the remaining titles and abstracts, the following criteria were used: (i) clinical study including a minimum of 10 patients undergoing THA and/or TKA and (ii) reporting on the patients' work status before and /or at least on one occasion after surgery.
Step 2: selection of full-text papers Titles and abstracts identified as potentially eligible were selected for full-article review. If an abstract was not available, the full-text paper was requested. For the screening of the full-text papers the abovementioned criteria were again used, with the following specification regarding the reporting of work status: the study reported quantitative information on work status before and after THA and/or TKA, including working full time (yes/no), working part time (yes/no), number of hours working, early retirement, sick leave, unemployment, and/or permanent work disability (partial or full disability pension). Finally, the references of all selected papers and of systematic reviews included in the yield of the search strategy were checked for potentially eligible studies that were not identified with the original search strategy. The titles and abstracts of these references were screened using the abovementioned selection procedure.
Step 3: data extraction
With respect to the study characteristics, the following data were systematically extracted from the selected full-text papers: title, first author, year of publication, journal title, study design (retrospective, prospective or crosssectional) and country where the study was conducted.
Regarding the patient characteristics, the number of subjects in the study, the recruitment or selection criteria, sociodemographic characteristics of the subjects (age, sex) and type of operation (THA and/or TKA) were recorded.
In addition, the following outcomes were extracted: work status of patients prior to surgery and work status of patients after surgery, including the observation time (duration of follow-up), with work status before or after surgery comprising the number of patients working full time (yes/no), working part time (yes/no), being on early retirement, unemployed, on sick leave and/or being permanently work disabled (partial or full disability pension). Moreover, the number of hours working per week and/or time to return to work (weeks) were registered, as well as any factors described as having an impact on return to work, including the employment of univariate or multivariate analyses.
Step 4: assessment of methodological quality
To assess the methodological quality of the included studies, a quality checklist was developed based on items described in a review of tools for quality assessment [7] and on a review of the quality of prognostic studies in systematic reviews [8] . This quality checklist was employed in a previous systematic review on work disability in a rheumatic disease by our own group [9] . Two authors independently assessed the quality of each study by scoring 23 items (see Supplementary data, available at Rheumatology Online), divided into three categories: (i) selection bias (items 16), (ii) information bias (items 718) and (iii) statistical analysis of potential determinants of work status (items 1923). Bias was considered present if the majority of the items within a category pointed in this direction. The quality of the study was rated as high if there was no evidence for selection bias, information bias or analysis bias. The quality of the study was rated as moderate if there was evidence of bias in one of the two categories in descriptive studies (statistical analysis of factors associated with return to work not applicable) or two of three categories in studies comprising an analysis of associations between various factors on the one side and work status on the other. The quality of the study was rated as low if there was evidence of bias in two categories in descriptive studies and all three categories in the other studies.
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Results
Selection of papers
The bibliographic databases yielded 796 references in total (see Fig. 1 ). A total of 227 duplicates were excluded. The first screening of the remaining 569 titles and abstracts resulted in exclusion of 518 abstracts, because these did not concern a clinical study, did not include THA or TKA patients or provided no information on work status. Full-text screening of the 51 remaining potentially eligible papers resulted in exclusion of 32 papers because they did not meet the inclusion criteria. Finally, 19 papers were selected for inclusion.
Study characteristics
The characteristics of the selected studies are presented in Table 1 . Nineteen studies, described in 14 papers on THA [4, 5, 1021 ], 4 papers on TKA [6, 2225] , and 1 paper on THA and TKA [6] , including in total 3872 patients who underwent THA (2055 males, 53.1%) and 649 patients who underwent TKA (239 males, 36.8%) were selected. Eight studies had a prospective cohort design [46, 11, 17, 18, 21, 24] and 11 studies had a retrospective cohort design [10, 1216, 19, 20, 22, 23, 25] . Studies were published between 1984 and 2013. Of these 18 studies, 8 were performed in the USA [5, 6, 11, 14, 18, 19, 24, 25 [11, 14, 16, 18, 20, 21] , two studies included only patients who were working preoperatively [10, 15] and four studies included the total cohort of operated patients [5, 12, 13, 17] . In studies on TKA, three studies included only patients of working age [2224] and one study included the total cohort of all operated patients [25] . In the study on THA and TKA, all operated patients were included [6] .
Measures of work status [6] ). The work status of patients after surgery, irrespective of its definition, was described in 15 studies (11 studies on THA [5, 1017, 20, 21] , 3 studies on TKA [2224] and 1 study on THA and TKA [6] ).
In the studies describing return to work, the proportions of patients returning to work ranged from 25 to 95% at 112 months after THA (n = 7 studies) and from 71 to 83% at 36 months after TKA (n = 2 studies).
The time to return to work in patients who were working preoperatively was described in a limited number of studies. Return to work after THA (described in five studies) ranged from 1.1 to 10.5 weeks [5, 11, 1820, 25] and after TKA (described in four studies) ranged from 8.0 to 12.0 weeks [2225] . The other nine studies did not measure the time to return to work in weeks, but measured only working status at different time points.
Determinants of work status Table 3 shows the results of 19 studies examining determinants of work status after THA and/or TKA. Less than half of the studies employed multivariate analyses. Fourteen papers reported on determinants of return to work after surgery in THA [46, 1017, 1921] . In papers using multivariate analyses [6, 11, 14, 17] it was found that female gender, older age, pain in joints other than the hips, failure of the procedure, physical work, unskilled work and being a farmer were associated with worse work outcomes [11, 14, 17] . In addition, younger age, more education, working 1 month preoperatively, mental work, primary coxarthrosis and having a better postoperative walking ability were associated with better work outcomes [11, 14, 17] . The type of prosthesis and surgical procedure [11] (dividing patients into five groups based on the bearing surface and size of the femoral head), preoperative function [11] and the introduction of a practice guideline aimed at improving hospital length of stay by identifying 'low-risk patients' [6] were found not to be related to postoperative work status.
Three studies reported on determinants of work status after TKA [6, 22, 24] , two of which employed a multivariate analysis [6, 24] . In one of these two studies the introduction of practice guidelines about appropriate lengths of stay was found not be associated with work status after TKA [6] . In another study [24] , factors associated with a faster return to work were female sex, self-employment, higher mental and physical health scores, higher Functional Comorbidity Index (FCI) scores and a handicap accessible workplace. Factors associated with a slower return to work were having less pain preoperatively (a higher WOMAC pain score), having a more physically demanding job and having workers' compensation [24] .
Methodological quality Table 4 summarizes the results of the methodological quality assessment. The methodological quality of studies was assessed by scoring the presence or likelihood of selection bias, information bias and statistical analysis bias. The methodological quality for studies on THA was rated high in one study [11] , moderate in eight studies [5, 12, 1417, 19, 20] and low in five studies [4, 10, 13, 18] . For studies on TKA, the methodological quality was rated high in one study [24] and moderate in three studies [22, 23, 25] . The study on THA and TKA was rated high [6] .
Discussion
This systematic review on work status after THA and TKA and its determinants shows that the literature on work status after THA is more extensive than for TKA. Overall, the majority of patients who are employed before THA or TKA return to work postoperatively. Factors related to work status after THA or TKA included sociodemographic, health and job characteristics. Overall, the methodological quality of the studies was moderate to low, and comparisons of rates and speed of return to work among and between studies on THA and TKA were hampered by large variations in patient selection and measurement methods.
Regarding the overall favourable effect of THA and TKA on work status seen in the studies included in this review, we have no similar synthesis of the literature for comparison. However, one of the studies included in this review provided an extensive overview of the literature on THA in its discussion [11] , concluding that all of the four available studies [12, 15, 16, 26] were limited by one or more of the following flaws: (i) small patients cohorts (<120 patients in total), (ii) the average age in the study was >60 years, (iii) the study included low-demand patients, (iv) the study was reported in the literature >20 years ago and www.rheumatology.oxfordjournals.org a patients being female and reporting some pain in joints other than hips were less likely to be working patients with more education and working 1 month pre-surgery were more likely to be working Predictor of working 1 year postoperatively: a patients with a failed procedure less likely to be working Predictor of working 4 years postoperatively: a patients with bilateral hip pain less likely to be working Jensen et al. [12] Age, the use of walking aids and the experience of pain were related to working capacity at follow-up Johnssson and Persson [16] Duration of preoperative sick leave was associated with postoperative retirement and postoperative sick leave Visuri et al. [17] Young age, mental work, and primary coxarthrosis, postoperative walking ability and upper and lower professionals were positively associated with return to work a Physical work, 'non-hip diseases', unskilled workers and farmers were negatively associated with return to work a Suarez et al. [10] Underlying illness, type of job before surgery, education level, the preoperative ability to walk, kind of social security and environment (rural/urban) were univariately associated with return to work Age, sex and family structure (single, married, widowed, divorced) were not associated with return to work in univariate analyses Weingarten et al. [6] No association between the intervention (introduction of practice guidelines to identify 'low-risk' patients who may be suitable for earlier discharge or transfer from the acute care hospital) and return to work a Sarkar et al. [13] Younger age and a good rating according to Merle d'Á ubigné and the Harris hip score were significantly associated with return to work Berger et al. [18] Not measured Peak et al. [5] The use of postoperative functional restrictions after uncemented THA has a significant impact on the time to return to work and the proportion of patients returning to work <6 weeks Tanavalee et al. [4] A mini two-incision approach was associated with a faster return to work than a miniposterior approach Pagnano et al. [9] No difference between the two-incision and mini-posterior approach within patients undergoing staged bilateral THA regarding the time to return to work Mobasheri et al. [20] Working preoperatively and being male were associated with a faster return to work Being self-employed rather than a salaried employee did not affect the time to return to work postoperativelyBeing unemployed for >1 year preoperatively was associated with a smaller chance of regaining employment postoperatively Bohm [15] Working preoperatively, younger age, better Oxford 12 hip scores and general physical function scores, fewer functional limitations due to co-morbidities, not collecting disability insurance and lower job satisfaction were associated with return to work No association between waiting time, being self-employed, job tenure, job motivation, workplace physical demand and workplace flexibility and return to work Nunley et al. [11] Type of prosthesis, surgical exposure and preoperative functional activity scores were not associated with work outcomes (except for lower activity scores being associated with difficulties to perform squatting activities at work) a Female sex was associated with more time off work, working fewer hours after surgery and reporting more problems with specific activities at work. Older patients reported more restrictions at work due to hip surgery, were less likely to be working at 1 year and reported more problems with specific activities at work than younger people Cowie et al. [21] Patient age and BMI were associated with the time to return to work TKA Weingarten et al. [6] No association between the intervention (introduction of practice guidelines to identify low-risk patients who may be suitable for earlier discharge or transfer from the acute care hospital) and return to work a Lyall et al. [22] Being unemployed before TKA was associated with not returning to work; being unemployed before TKA was associated with having manual work Lombardi et al. [25] Not assessed within patients who were treated with TKA Foote et al. [23] Not assessed within patients who were treated with TKA (continued) (v) the study was not designed to specifically look at returning to work. In contrast with that review, nowadays more studies, describing larger groups of patients are available. However, we saw a relatively large variation with respect to the study designs, patient selection and, in particular, the measurement of work status, seriously hampering the comparisons among the studies in this review. International consensus on a minimum set of variables related to work status would enable national and international comparisons of studies and greatly increase knowledge in the field of the impact of THA and TKA on work status. It is questionable whether retrospective studies are suitable to measure work status before and after THA or TKA. Work status is a complex entity, with work disability including decreased work productivity while present at work, temporary absence or sick leave or not working at all due to health problems, with or without a full or partial disability pension. In addition, unemployment, (early) retirement and/or stopping work voluntarily, whether or not related to health status, may also occur. Apart from appropriate measurement methods, prospective cohort studies are needed to accurately describe productivity gains and losses over time in this continuum model [9] .
Regarding the analyses of determinants of return to work after TKA and THA, in 11 of the 16 studies including such analyses, only univariate methods were used [4, 5, 10, 12, 13, 15, 16, 1922] , whereas 5 studies employed multivariate techniques [6, 11, 14, 17, 24] . Overall, in the studies using multivariate analyses, characteristics of the [24] 0 0 0 0/3 H a 1 = bias present or unclear; 0 = no bias present. b H = high quality: no evidence for selection bias, information bias or analyses bias; M = moderate quality: one or two quality aspects rated as bias present or unclear; L = low quality: all three aspects rated as bias present or unclear. THA: total hip arthroplasty; TKA: total knee arthroplasty. Styron et al. [24] Factors associated with faster return to work at least part time and/or working full time after 3 months were female sex, self-employment, higher mental health scores, higher physical function scores, higher functional co-morbidity scores and a handicap accessible workplace a Factors associated with slower return to work at least part time and/or working full time after 3 months were having less pain preoperatively (a higher WOMAC pain score), having a more physically demanding job and receiving workers' compensation a a Multivariate analysis. THA: total hip arthroplasty; TKA: total knee arthroplasty.
www.rheumatology.oxfordjournals.org patient (sex, age, educational level), his or her health status (the involvement of joints other than the operated hip or knee, mental and physical health, failure of the procedure), preoperative work status (type of employment, working until surgery, characteristics of the workplace, reporting problems with activities at work) were found to be associated with work status after surgery. With respect to gender, the results were contradictory. In the study by Styron et al. [24] , a higher FCI was associated with a faster return to work. This observation seems to be counterintuitive and poses an interpretation challenge according to the authors. They suggest that it may be a result of the FCI simply not being an accurate predictor of returning to work, as it was intended to be a predictor of physical function.
The systematic review by Kuijer et al. [3] included only three articles [46] investigating the beneficial or restricting factors regarding return to work in patients undergoing THA or TKA. In only one of the three articles [6] was a multivariate analysis performed. The absence of multivariate analyses seriously limits the interpretability of the results, as many factors may have an impact on work status, so adjustment for confounders is indispensible. Overall, the methodological quality of the studies included in this review was moderate to low. The relatively often employed retrospective study designs and use of selfconstructed questions and questionnaires increased the risk of bias. Moreover, potential bias due to patient selection was also relatively frequently identified.
This study has a number of limitations. First, we included only studies in English, French, German or Dutch, so that potentially eligible studies in other languages may have been missed. Second, we did not attempt to pool data, as studies were very heterogeneous concerning study designs, patient selection and measurement methods.
In conclusion, this systematic review shows that in general, work status improves after THA and TKA. However, there are fewer studies of TKA than THA and the methodological quality of the available studies is moderate to low. The conduct of large studies in unselected groups of patients, the standardization of measurements of work status in THA and TKA, as well as the conduct of multivariate statistical analyses to adjust for potential confounding in studies to describe determinants of work status postoperatively is recommended.
key messages
. Work status improves after total hip and knee arthroplasty (THA and TKA). . The literature on TKA is scarcer than that on THA. . Standardization of work status measurements in THA and TKA is recommended.
